Abstract
INTRODUCTION AND LITERATURE REVIEW
The causal relationship between informal caregiving and (poor) health has been established in several studies (e.g. Schulz . Yet, what still remained under-researched is the effect of health on informal caregiving. As we show in the article, the results of basic correlations using common datasets on ageing in Europe (like SHARE) often confi rm the negative sign of the relationship: particularly for caregivers within a household, those with worse health tend to give help more often. The question that motivating this article therefore, is: what is driving this relationship.
As stated in Hlebec, Srakar and Majcen (2017) , long term care is considered an emerging key issue in discussing the social inclusion or exclusion of the older population in modern European society (e.g. Theobald, 2005 ; Motel-Klingebiel, Tesch-Roemer and von Kondratowitz, 2005 ). Cross-national econometric studies of the relationship between formal and informal care for older adults in western European countries have become a booming fi eld (Suanet, van Groenou and van Tilburg, 2012).
Organizing care for older people is one of the most important issues in European countries which are characterized by a rise in the share of the elderly, which is caused by longer life expectancy and declining fertility rates. The share of the population aged 80 years and over, which is the most likely to need care, grew from 1.5% in 1960 to nearly 5% in 2010 in Europe as a whole, and is expected to rise to 11% by 2050 and 12% by 2060 (OECD, 2013; The Ageing Report, 2015) . The share of people aged 20-64 will decline substantially from 61% in 2013 to 51% by 2060 (ibid.). Thus, we can expect a big increase in the need for care on one hand, and a smaller number of potential informal carers on the other.
Both trends are likely to place greater demands on formal care systems across Europe.
The majority of older people wish to age and receive care in their own homes (Cantor, 1979; Iecovich, 2014) . In 2011, in OECD countries 8.7% of people aged 65+ received care in their own homes as against 4.1% in institutions (OECD, 2013) . For people living at home, care can be provided by different parts of informal social networks like family members, friends or neighbours (Cantor, 1979; Wenger, 1994 ; Allen, Goldscheider and Ciambrone, 1999; Blomgren et al., 2008) . Care can also be provided by formal care workers such as providers of health and social care or migrant care workers (Iecovich, The type of care older people use depends on their preferences and their individual and social contexts (Andersen and Newman, 2005) . Some people prefer only informal care (Cantor, 1979; 1991) and seek care fi rst from their partners and children, then other family members, friends and neighbours. Only in cases where no informal caregivers are available will they accept formal care, provided they can afford it fi nancially and depending on the range of services provided by the community. Formal care, therefore, may compensate for a lack of informal care and complement informal care when needs grow (Chappell and Blandford, 1991; Denton, 1997) .
Informal carers provide a vast amount of care to older people in Europe as shown by data from the European Quality of Life Survey. About 6.4% (Denmark) to 20.1% (Lithuania) of the adult population in Europe provides care to their elderly or disabled relatives at least once or twice a week. On average, these family members deliver 12.5 hours of care to dependent family members. Care is frequently provided by spouses or children, sometimes also by friends and neighbours (Cantor, 1979; Stoller and Pugliesi, 1988; Allen, Goldscheider and Ciambrone, 1999; Barrett and Lynch, 1999 Colombo et al., 2011) . Support for informal carers encompasses a variety of services in cash and in kind, services specifi ed for working carers and others (e.g. a carer's allowance, an allowance for the person being cared for, tax credits, additional benefi ts, paid leave, unpaid leave, fl exible work arrangements, training/education, respite care, counselling).
There is a lot of literature (primary and meta-analysis) on the impacts of informal caregiving on caregivers' health (e.g. Roth et al., 2013; Hiel et al., 2015; Vlachantoni, 2013; Schulz and Sherwood, 2008; Pinquart and Sorensen, 2003; 2006; 2007) . Interdisciplinary research has provided different research designs, sam-pling procedures, statistical methods of a heterogeneous nature. Health has been studied as psychological health and physical health (separately or simultaneously). Meta-analyses and other systematic reviews typically conclude that caregivers are more likely to experience depressive symptoms and have poorer physical health outcomes when compared with various samples of non-caregivers (Pinquart and Sörensen, 2003; Schulz and Sherwood, 2008; Vitaliano, Zhang and Scanlon, 2003) . Recent review (Bauer and Sousa-Poza, 2015) pointed out that caregiving tends to lower the quality of the caregiver's psychological health, which also has a negative impact on physical health outcomes. Some studies (Schoenmakers, van Tilburg and Fokkema, 2015; Bauer and Sousa-Poza, 2015) noted that: (a) literature reviewed is very heterogeneous -minimally comparable; (b) most studies are cross-sectional and thus do not/cannot account for endogeneity; (c) research often omits important controls (e.g. pre-existing illness).
However, insuffi cient attention has been paid to estimating and explaining the (reverse) causal relationship between health and caregiving, i.e. the effects of health on the provision of caregiving. The aim of the article is to explain this relationship in detail, including the heterogeneous behaviour across different types of care provision (within or outside a household).
In a recent article, Kaschowitz and Brandt (2017) provided a longitudinal analysis of the health effects of informal caregiving across Europe. Using data from the Survey of Health, Ageing and Retirement (SHARE, waves 1, 2, 3 and 5) and from the English Longitudinal Study of Ageing (ELSA, waves 2-5) they examined the connection between informal caregiving and self-perceived as well as mental health in a country=comparative perspective. They were able to show distinct differences in the relationship between reported health and the provision of informal care depending on whether individuals give care to someone inside or outside the household. Caregivers inside the household reported worse, while caregivers from outside the household reported better, health than non-caregivers. Their explanation is largely related to selection into caregiving: according to their fi ndings, people in worse health take up care inside while people in better health take up care outside the household. Their results also show that the health consequences of caregiving vary not only between different welfare regimes but also among countries of similar welfare state types.
Based on the above, in our article we test three main hypotheses:
H1: Older people in better health tend to provide more help to others 1 . H2: The relationship between informal caregiving and health is of an endogenous, reverse causal nature.
H3: There are signifi cant differences in the relationship of health and informal caregiving or help-giving 2 within and outside a household 3 .
The main method we use to verify the above hypotheses is regression analysis, using instrumental variables models to appropriately model the assumed reverse causality in the relationships studied.
The article is structured in the following way. In the next section, we will present basic considerations about the data and method used. In the third section, we will present the main results and robustness tests. In the fi nal section, we will conclude with refl ections on the research fi ndings and policy implications.
DATA AND METHOD
We use dataset derived from In the analysis, we also use data from Wave 3, SHARELIFE, which provides data on life-histories of the respondents. SHARE data collection is based on computer-assisted personal interviewing (CAPI). Exceptions are the drop off and vignette questionnaires, which are conducted via paper & pencil as well as the end-of-life interviews that can be conducted via CATI (computer-assisted telephone interview), too. The SHARE study is subject to continuous ethics review. During Waves 1 to 4, SHARE was reviewed and approved by the Ethics Committee of the University of Mannheim. Wave 4 and the continuation of the project were reviewed and approved by the Ethics Council of the Max Planck Society. In addition, the country implementations of SHARE were reviewed and approved by the respective ethics committees or institutional review boards whenever this was required (Börsch-Supan and Jürges, 2005). 2 In the article, we use the terms caregiving and help-giving as synonymous. 3 The studies also report a noticeable difference in respondents' answers about the type of help received from other people (e.g. personal care vs. practical household help, see Hoefman, Meulenkamp and de Jong, 2017). In providing care within the household, assistance is related to personal care. Help-giving outside a household refers to personal care and practical care. After including instruments from SHARE Wave 3, our fi nal sample consists of 14,564 respondents from 11 European countries (Austria, Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Switzerland, Belgium, Czech Republic).
We include three main help-giving variables:
Help-giving_out: binary variable for providing help outside a household. Help-giving_wtin: binary variable for providing help within a household. Helpgiving_tot: joined variable of Help-giving_out and Help-giving_wtin 6 .
Graph 1 presents the distribution of the three variables over the countries and welfare regimes. We can see that the countries with the highest percentage of total help-giving and help-giving outside household are the Social Democratic/Scandinavian countries. They are followed by continental countries and some Eastern European ones, while, in particular, Mediterranean countries and Israel fall quite behind. Interestingly, those are the countries that, on the other hand, have the largest percentages of help-giving within a household. Table 1 provides the actual quantities of people in the population providing help. Most of the relationships observed in graph 1 can be seen here as well, in particular the large number of people providing help within the household in Mediterranean countries. The main health variables we use in the analysis are: -Physical health: number of chronic diseases (dummy: 1 if a respondent has two or more chronic diseases; and 0 otherwise). -Mental health: depression (dummy: 1 if a respondent has a score of 4 or more on the Euro-D Depression scale; and 0 otherwise). -Subjective assessment of health: self-rated health status (dummy: 1 if less than very good; and 0 otherwise).
GRAPH 1 Distribution of the help-giving variables (%)
As control variables we use: -Gender: gender of the respondent, 0 for male, 1 for female.
-Age: age of the respondent in years.
-Education: education of the respondent in years of his/her schooling period.
-Income: nominal household income (variable thinc2 from the generated SHARE variables), winsorised to prevent the impact of outliers and transformed into tertiles (by country). -Employment status: categorical variables, describing whether the respondent is employed, retired or in any other status (e.g. unemployed). -Household size: size of the household of the respondent. -Physical inactivity: binary variable, defi ned as never or almost never engaging in either moderate or vigorous physical activity. -Memory: number of words, recalled after reading a list of ten words 7 We also use the following auxiliary variable: -Receiving help: 1 if the respondent is receiving informal care within the household and 0 otherwise.
As instruments we use the following variables, all from Wave 3 of SHARE -SHARELIFE: -As instrument for the number of chronic diseases: sl_hs006: "childhood health: in hospital for 1 month+". -As instrument for mental health (depression): sl_hs009d3: "childhood illness 2: emotional, nervous, or psychiatric problem". -As instrument for self-rated health: sl_hs003_: childhood health status.
All instruments satisfy the two instrumental variable restrictions (see e.g. Wooldridge, 2010), the second and the third are also very strong.
Instrumental variable (IV) estimation faces three perils of its own (Murray, 2006) : -IV estimation is inconsistent if the instruments are correlated with the disturbance term. This is the problem of "bad" or "invalid" instruments. -IV estimation suffers persistent biases and size-of-test biases in even very large samples if the instruments used are only weakly correlated with explanatory variables responsible for bias in an OLS estimation. This is the problem of "weak" instruments. -Interpreting the economic meaning of IV estimates can become problematic if the slope coeffi cients in one's model are heterogeneous across observations. This is the problem of "ugly" instruments.
In our case, we face the problem of "ugly" instruments (this was confi rmed by initial modellings not presented here) and to derive the proper results we have to model help-giving within and outside a household separately to model the heterogeneity in the model appropriately.
The main formal model we use is instrumental variables probit which fi ts models with dichotomous dependent variables and endogenous regressors. Formally, the model can be stated as:
We do not observe y* 1i , instead, we observe
Graph 2 provides the basic picture we want to explore. It provides the distribution of health variables for those that provide help in total, outside and within a household. We can clearly see that for all three health variables, the providers of help in total and outside a household face lower problems with health, while those within a household face even higher health problems. This is a puzzle we will solve and provide an explanation for in our analysis. Table 2 shows the results when using the "ordinary" econometric models with no endogeneity provided for (all models all of probit variety). Interestingly and surprisingly, it is apparent that the more health problems there are (i.e. the more chronic diseases, worse self-rated health and more depression symptoms) the greater the provision of help to others.
GRAPH 2

RESULTS AND ROBUSTNESS CHECKS
What is driving these results? This is of course the main research question of the article, elaborated in the introductory section. An apparent possibility is consideration of the reverse causality in the model. The supposed and basic causality structure imposes health as infl uencing informal caregiving. Yet, as we noted at the start when reviewing the evidence from the literature, informal caregiving can have (adverse) effects on health indicators as well.
To properly provide for this observation, we include instrumental variables for each of the three health variables. We instrument for number of chronic diseases by childhood health (whether the respondent was in a hospital for 1 month or more during his/her childhood); for mental health by having an emotional, nervous, or psychiatric problem in childhood; and for self-rated health by childhood health status. Furthermore, as is shown on the right side of graph 3, we also need an additional intervention in the case of caregiving within a household. We need to include an additional, auxiliary variable for "receiving care" within a household, as we assume that care within a household is mutual (see e.g. Kaschowitz and Brandt, 2017) and, therefore, it is likely that the health conditions of the members of the same household are connected with each other. The fi nal causality structure is shown in graph 3 -at the left is the causal structure for help-giving in total and outside a household, where only reverse causality is present, while on the right is the causal structure for help-giving within a household, where beside reverse causality an auxiliary variable of receiving care within a household also needs to be included to provide consistent results.
As it turns out, all the models work very well when taking into account endogeneity and causal problems. Firstly, in table 3, we provide results for total help-giving where it is apparent that with the inclusion of the instrument (the endogeneity tests confi rm the presence of reverse causality in all cases) all coeffi cients on health variables, which are of our main interest, are now of the expected, negative sign and signifi cant. Finally, table 5 presents the results for the modelling of help-giving within a household. Here, one does not observe the expected relationships even after the endogeneity is provided for by the instrumental variable correction. On the other hand, the fi nal intervention, inclusion of the auxiliary variable of receiving care within household fi nally solves the issue and provides the (negative) sign and signifi cance of all of the coeffi cients (except for depression, where the coeffi cient is not statistically signifi cant) which is in accordance with the expectations and our hypotheses. In table 6, we provide results of several robustness checks to verify our main fi ndings. Firstly, we exclude the additional health variables (physical inactivity, memory) which infl uence the provision of help-giving but could be related also to our three main health variables. The results do not change in any manner -indeed, the coeffi cient becomes of even stronger signifi cance.
GRAPH 3 Modelling of reverse causality in the model
Secondly, we restrict the age of the respondents to 65+ 8 . Once again, there are no changes, furthermore, now even the coeffi cient on depression for the help-giving within a household becomes signifi cant and of the expected sign.
Finally, we include an additional instrument (presence of formal care) to control for possible reverse causality between providing and receiving help within household. Again, no signifi cant changes can be observed in the main relationship under study. 
CONCLUSION
In conclusion, let's fi rstly summarize the fi ndings by the set of initial three hypotheses and present the main results of the paper. The latter are summarized in table 7. H1: Older people in better health tend to provide more help to others.
The hypothesis is clearly confi rmed. In all three cases we were able to confi rm it and provide strong reasoning for the somewhat strange results that could be observed by basic descriptive statistics and basic econometric modellings not taking into account the specifi c causal relationships in the model. Indeed, the solution to this problem is the main contribution of the article and an important resource for future research in this area. It contributes signifi cantly to the previous fi ndings in e.g. Kaschowitz and Brandt (2017) H3: There are signifi cant differences in the relationship of health and informal caregiving between help-giving within and outside a household.
We confi rm the hypothesis, which is clearly demonstrated by the descriptive statistics visualized in graph 2. Furthermore, we manage to provide an econometric/ causal solution that is able to explain the difference and control for it when modelling for our main relationship between health and informal help-giving. The fi ndings strongly relate to the recent analysis of Calvó-Perxas et al. (2018) which fi nds that "the poorest health was reported by those giving care inside their households, which may be due to the fact of being emotionally closer to the recipient of care and to the fact that they cannot evade the care situation easily as those giving care outside their household" (Calvó-Perxas, 2018).
The link to theory, presented in the initial section of the article, seems strong. We were able to connect the relationship of health and caregiving to theoretical expectations, but demonstrated that the usual positive link is to be found only after some econometric corrections and additional controlling variables. Also, we were able to confi rm the fi ndings of Kaschowitz and Brandt (2017) about the heterogeneity in the provision of care, with care provided within and outside a household having very opposite characteristics. Based on our fi ndings, one would be tempted to ask for this heterogeneity in the provision of care to be explored to an even greater extent and in more detail, to fi nd and explain the distinctions using, e.g. latent class modelling or cluster analysis of any other type.
Limitations of the analysis relate to the sample used, methods and theoretical background. In terms of the sample, the analysis is based on a cross section and should be extended in future also to a dynamic context. Also, constraints on respondents included could be imposed, related to their health and social condition. Also, the dataset allows us only to include help to a family member living outside one's own household, a friend or neighbour. This should be extended also to people the respondent does not know, although SHARE does not allow such an extension. In terms of methods, other causal inference methods like directed acyclic graphs (possibly, using Bayesian networks), structural equation modelling and even mediation analysis could be used. If put in a dynamic context, more consistent causal analysis could be performed, using difference-and-differences, changes-in-changes and similar methods. Also, heterogeneity in the results could be analysed using latent class methods, quantile methods or cluster analysis. Finally, in terms of theoretical background and variables used, it could be interesting to extend the analysis to other health characteristics, linking the results also to limitations of daily life (ADL, IADL, GALI or functional limitations) or similar indicators.
The scientifi c contributions of the paper are clear. On the one hand, the article provides what seems to be a conclusive explanation for some "puzzles" in the data, observed previously by, e.g. Kaschowitz and Brandt (2017) . The explanation is novel in particular for the help-giving provided within a household and is sup-ported by some recent fi ndings of Calvó-Perxas et al. (2018) . Secondly, we provide some novel instruments to control reverse causality where health variables are included, based on Wave 3, i.e. the retrospective life histories of respondents. Finally, we provide a refl ection on the policy recommendations to support the help-giving measures being implemented in many European countries.
There are some important pathways for future research. Firstly, improvements in the instrumental variable models used could be made, using additional variables, including social and material deprivation, relationship to the person receiving help, frequency of the help provided (some of this has been tried and the results are, again, very robust). We also confi rm that Wave 3 of SHARE is a rich and interesting source for the construction of instrumental variables, something confi rmed by the literature in the fi eld. Possibly, additional instruments based on Wave 5 (the cross section used) could be tried and tested as well. It would also be interesting to model more deeply which is the more important predictor of informal caregiving: physical, mental or self-rated health? According to our results, physical health performed the best, but this question remains to be studied in future research. Finally, it would be interesting to model also the longitudinal aspects of the studied relationship and explore if it is dependent upon the contextual variables in the country studied.
Regarding the practical and policy recommendations, adopting measures to stimulate the health of potential and actual caregivers would tend to raise the level of help provided signifi cantly, which was proven by our analysis. Although the fi nding might sound trivial, we observed that it could lead to absurd (opposite) conclusions if observed only by basic descriptive statistics or correlations. To this end, it was important to provide an explanation which is novel in the literature and differs quite signifi cantly from the previous explanations, found, e.g. in Kaschowitz and Brandt (2017) . In policy terms, measures used to stimulate health would contribute to the welfare of caregivers and by this to a better system of (informal) long term care which should be the desire of all. The question remaining for study here is how the effect we observed and studied is distributed among the studied population and whether it signifi cantly differs not just by the type of provided help (outside or within a household) but also by some other characteristic of the respondent, the care receiver or context/country under study.
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